Ultra performance liquid chromatography-photodiode array detection (UPLC-PDA) was used to analyze five biologically active polyphenolic compounds (catechin, epicatechin, rutin, trans-resveratrol, and quercetin) in different types of wine available in the Polish market. The results showed that the major polyphenols in chosen wines were catechin and epicatechin, the minor polyphenol was trans-resveratrol. The use of UPLC system allowed a shorter run time of up to six times in comparison with the conventional HPLC system. Total polyphenols were analyzed according to the Folin-Ciocalteu method using gallic acid as a standard and the results were presented as gallic acid equivalents. The wines were also analyzed for anthocyanins content using malvidin-3,5-diglucoside as a reference material in spectrophotometric analysis.
INTRODUCTION
Phenolic compounds are important components in wine for several reasons. The potential health benefits of these compounds have been widely reported. Polyphenols are strong antioxidants [1] and free radical scavengers [2] with anticarcinogenic, [3] antibacterial, [4] and anti-inflammatory activity. [5] They have a beneficial effect by reducing the risk of coronary heart disease (CHD), [6] some types of tumors, [7, 8] coronary artery disease (CAD), [9] and chronic diseases. [10] RACZKOWSKA ET AL.
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mortality rate caused by coronary heart disease (CHD), despite their consumption of food containing high levels of saturated fatty acids and cholesterol, which are positively correlated with increased risk of CHD. The regular consumption of red wine, containing phenolic antioxidants acts protectively via the prevention of LDL oxidation and the inhibition of platelet aggregation, which is attributed to the French paradox. [11] [12] [13] Besides their health benefits: phenolic compounds are responsible for the flavor, color and bitterness which form the quality of red wine. [14] The polyphenolic composition of wine depends on: vineyard location, grape variety, cultivation system, climate, soil types, production process and ageing. An overall knowledge of the polyphenol content in wine provides enough information to classify wines according to their polyphenol content and gives basis for the further research on control of flavonoids during wine production. [15] Different techniques have been used for the determination of polyphenols in wine samples. Polyphenols are usually identified by standard HPLC techniques that can provide different retention times which allow the identification of these compounds. [16] [17] [18] To deal with difficulties encountered in analyzing polyphenolic compounds a combination of HPLC technique with different types of detectors are often used. The polyphenol composition of wine was verified by HPLC with diode array detector (HPLC-DAD), [19] HPLC coupled with electrospray ionization mass spectrometry (HPLC-ESI-MS) [20] or HPLC with fluorescence detection. [21] Regarding the sample preparation some authors have used solid-phase extraction with different types of cartridges, [22] liquid-liquid extraction, [23] or injections of the samples directly in HPLC without any preparation step. [18, 19] The aim of this project was to characterize twenty seven different wines available in the Polish market according to their polyphenol content using ultra performance liquid chromatography and spectrophotometry. Wine polyphenols were determined using UPLC system instead of conventional HPLC. It was possible to perform very high-resolution separations of five important wine polyphenols (catechin, epicatechin, rutin, trans-resveratrol, quercetin) in a very short time.
MATERIALS AND METHODS

Wine Samples
Twenty-seven wines, among them twenty four red and three white wines, were analyzed using liquid chromatography and spectrophotometric analysis. Samples were protected against sunlight and stored at 4
• C. Analyses were carried out within a few days. The wine samples were filtered through the 0.45 µm pore size syringe filters before analysis. Characteristic of analyzed wines according to the country of origin, cultivar(s), vintage year and price is presented in Table 1 .
Chemicals and Standards
Acetonitrile and methanol (J.T. Baker, Deventer, Holland) were of liquid chromatography grade. Doubly distilled water was purified using a Milli-Q system (Millipore, MA, USA). Stock solutions (1000 µg/mL) of catechin, epicatechin, rutin, trans-resveratrol and quercetin were prepared by dissolving 50 mg of the commercial product (Sigma-Aldrich, St. Louis, MO, USA), without previous purification, in 50 mL of methanol. Working standard solutions were prepared by dilution with acetonitrile -0.1% aqueous formic acid (Merck, Darmstardt, Germany) (20:80) mobile phase before use. 
Apparatus
UPLC analyses were performed on Waters Acquity Ultra Performance Liquid Chromatographic system (Waters, Milford, MA, USA) including binary solvent manager, sample manager, column compartment and photodiode array detector (PAD). Data were processed by chromatographic software Empower 2. Absorption spectra were recorded on Campspec M350 double beam UV-Vis spectrophotometer (Cambridge, UK).
Chromatographic Conditions
Separation of wine polyphenols was performed using an Acquity UPLC HSS T3 column (150 mm × 2.1 mm), 1.8 µm particle size. Filtered aliquots of 2 µL of calibration standard or wine were directly injected into UPLC system without any prior purification. Elution was carried out with a mobile phase delivered at 0.2 mL/min. The best separation was achieved with a following mobile phase and flow gradient: the initial mixture was acetonitrile -0.1% aqueous formic acid (20:80) for 2.5 min; linear gradient to (80:20) in 4.5 min, hold for 0.5 min; linear gradient to initial condition (20:80). The system was equilibrated using the starting conditions for 8 min before injection of the next sample.
UV-Vis spectra (scanning from 210 to 400 nm) were recorded for all peaks. Quantification was made at 280 nm for catechin and epicatechin, 306 nm for trans-resveratrol, 356 nm for rutin and 371 nm for quercetin. Standard calibration curves were established by plotting the height of peaks against five different concentrations of polyphenolic compounds (varying from 0.5 µL/mL to 10 µL/mL), obtaining regression coefficients above 0.996 in all cases.
Spectrophotometric Determination of Total Wine Polyphenols
Using the modified method of Singleton and Rossi, [24] total wine polyphenols were estimated by Folin-Ciocalteu reaction. Samples of wine, filtered through the 0.45 µm pore size syringe filters, were diluted twenty times with distilled water. 1.25 mL of FolinCiocalteu reagent and, after 3-4 min, 1 mL of 7.5% Na 2 CO 3 was added to diluted sample of wine (0.25 mL). After one hour the absorbance at 765 nm was measured against a blank, which was distilled water. Dilution factor was adjusted to obtain a final absorbance reading between 0.05 and 1.5. Results, expressed as Gallic acid equivalents, were determined by calibration curve, where concentration of Gallic acid was between 0 to 200 mg/mL.
Spectrophotometric Determination of Anthocyanins
By means of the molar absorbance (ε) of malvidin-3,5-diglucoside the pigment concentration was estimated according to Niketić-Aleksić method. [25] The absorbance was determined at 520 nm and anthocyanins content was calculated as follows:
The reference in this calculation was malvidin-3,5-diglucoside (molecular weight MW: 691 and ε: 37700). The wine samples were diluted one hundred times with 0.1 N HCl, therefore the dilution factor in above equation was 100.
RESULTS AND DISCUSSION
Analysis of Polyphenols Using UPLC Equipped with Photodiode Array Detector
Reversed-phase chromatography was selected because polyphenols are insoluble in water but they are soluble in alcohol. The retention times of catechin, epicatechin, rutin, trans-resveratrol and quercetin were studied in the presence of formic acid, which prevented ionization of the hydroxyl groups. The application of the gradient elution technique resulted in a good peak resolution. The chromatogram obtained for mixture of standards is shown in Fig. 1 . Chromatogram for a red wine sample using photodiode array detection is presented in Fig. 2 . The peaks were identified by comparing the retention data obtained from the wine sample with the standard mixture and UV-Vis spectrum measured by PDA. Ultra Performance Liquid Chromatography is a relatively new technique offering new possibilities in liquid chromatography, especially for decreasing time and solvent consumption. Special analytical column, Acquity UPLC HSS T3 (150 mm × 2.1 mm), with 1.8 µm particle and high pressure (43 MPa; flow 0.2 mL/min) allowed shortening the analysis run time from 35-55 to 8 min. It was up to six times in comparison with the conventional HPLC system using 5 µm particle packed analytical columns. [16, 19] 5.34 ± 0.32
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a Values represent means of triplicate determination (n = 3) ± SD; and b LD limit of detection. Table 2 [16] or in wines from the Hungarian Villány region. [26] Total Polyphenols and Anthocyanins Content
The Folin-Ciocalteu method is widely used to evaluate the total content of polyphenols. [27, 28] The concentration of these compounds in wines is presented in Table 3 . Our results confirm a variation in polyphenols content among several wines depending on the grape variety, culture factors and wine-making techniques and show that the red wines contain ten times higher concentration of total polyphenols than white wines. The amount of polyphenols in red wines varies from 1140 to 2413 mg/L. White wines were found 520 UPLC AND SPECTROPHOTOMETRIC ANALYSIS OF POLYPHENOLS to have markedly lower concentration of total polyphenols in comparison with red wines. The amount of polyphenols in white wines ranged from 43 to 233 mg/L. Our results are in agreement with other findings in the literature. [2, 17, 29] Total polyphenol content obtained by HPLC analysis was always significantly lower than total polyphenols determined by Folin-Ciocalteu method. The Folin-Ciocalteu method quantifies total wine polyphenols including both free polyphenols and those associated with macromolecules, while HPLC procedures can only analyze free polyphenols. [30, 31] It can be seen that the highest contents of total polyphenols were found in wines from France (wine sample no. 21, 18, 3, 7) and from South Africa (wine sample no. 22, 10) .
The color of red wine comes mostly from anthocyanins extracted from grape skin during crushing, pressing and fermentation. All red wine samples were found to contain these compounds. The average amount of anthocyanins content is presented in Table 3 . The amount of anthocyanins in red wines varies from 78.8 to 231.6 mg/L. These results are consistent with data published by other authors. [2, 32] The source of wines available in the Polish market which are rich in anthocyanin content, are from Chile and France.
CONCLUSION
Twenty seven wines available in the Polish market were studied to compare their contents of polyphenols. It was found that even inexpensive red wines can be rich source of polyphenols counteracting the risk of coronary heart disease. The amount of polyphenols analyzed in these wines confirm to the accumulation of data from studies in other countries. The UPLC procedure provided excellent separation and quantitative analysis of: catechin, epicatechin, rutin, trans-resveratrol and quercetin, without sample preparation. UPLC reduced analysis run time by up to six times in comparison with the conventional HPLC system. The UPLC procedure could be potentially applied to the high-resolution separations of other phenolic compounds in various types of wines.
